[3HJPonasterone A (PNA) of high specific activity has been used to identify and begin characterization of ecdysteroid ( 
A useful model system for studying development is the hormonally induced morphogenesis in Drosophila imaginal discs. Mass-isolated imaginal discs in defined culture medium are induced by physiological concentrations of the natural hormone,* 20-hydroxyecdysone, to undergo a complicated morphogenesis, termed "evagination" (2, 3) , and to alter the pattern of macromolecular synthesis (4) (5) (6) (7) (8) including the synthesis of chitin and specific endocuticle proteins (unpublished observations). Investigation of ecdysteroid action in imaginal discs offers insights into both the mechanism of insect hormone action and the role of gene regulation during morphogenesis and differentiation. By using 20-[3H] hydroxyecdysone, the native hormone, ecdysteroid binding with biochemical characteristics consistent with a role in the biological action of the hormone has been detected in intact imaginal discs (9, 10) . Specific binding of ecdysteroids to the nuclear fraction of discs has been demonstrated at the time of the first detected hormonal effect on gene activity, an increase in RNA synthesis (ref. 10 ; unpublished data). Because steroid hormone action appeared to be generally the same in insects and vertebrates, it seemed likely that in insects, as in vertebrates, the specific binding of hormone in the nucleus would be mediated by a hormone-binding macromolecule or receptor (9, 10) .
Although preliminary experiments in our laboratory were both suggestive and tantalizing, we were unable to characterize adequately these putative ecdysteroid receptors. The high level of nonspecific binding at physiological concentrations of 20-hydroxyecdysone (0.1,uM), the high equilibrium Kd, and the low specific activity of available 20-hydroxyecdysone placed significant technical constraints on further work. Ponasterone A (PNA), an ecdysteroid approximately 50 times more active than the native hormone (9) , has been shown to be identical to 20 -hydroxyecdysone in its action on discs, differing only in the effective concentration (ref. 9 ; unpublished data). The synthesis of radiolabeled PNA of high specific activity has made it possible for us to demonstrate unequivocally the presence of ecdysteroid receptors in Drosophila imaginal discs and for Maroy The [24,25-3H]PNA (specific activity, t122 Ci/mmol) was synthesized by the Chemical and Radioisotope Division of ICN from stachysterone C by Pt-catalyzed tritiation in dry ethanol using carrier-free tritium gas. [3H]PNA was then purified and characterized by Maroy et al. (11) . The identity and specific activity of the [3H]PNA were verified by bioassay [disc evagination (8) ]. The radiochemical purity of the [3H]PNA was checked regularly by using the procedure of Chang et al. (14) for the separation of ecdysteroids. In our hands, PNA has an Rf of 0.41 and 20-hydroxyecdysone has an Rf of 0.23.
[3H1PNA Binding Assays. Imaginal discs were mass-isolated as described (15) from mid to late third-instar larvae of an Oregon R stock of Drosophila melanogaster. In some experiments, 10,000-20,000 discs per ml were incubated in Robb's culture medium (16) (Table 1) .
Kinetics. The kinetics of binding were measured at 250C, the optimal growth temperature for Drosophila, and at 0-40C. At 250C, maximal specific binding of [3H] PNA to aliquots of a cytosol preparation was achieved after 25-30 min and was relatively stable for up to 90 min (Fig. 3A) . The kinetics are second-order (inset) with an average association rate constant over three experiments of 1.2 X 107 M-' min-1. The rate of dissociation was measured in experiments in which the reduction in binding over time was determined when 2 ,gM unlabeled PNA (1 ,qg/ml) was added to aliquots of cytosol that had been incubated previously with [3H]PNA for at least 30 min at 250C. Fig. 3B shows that the displacement of bound [3H]PNA follows pseudo-first-order kinetics. The dissociation rate constant is 3.6 X 10-2 min-1. Kd estimated from the kinetic rate constants is 3 X 10-9 M. The kinetics of association at 0-4°C are shown in Fig. 3C . The same level of binding was achieved after [10] [11] [12] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] molecules per cell. Although this is in good agreement with other estimates of the binding capacity of disc cytosol, it is much lower than the binding capacity of whole discs-500-1000 20-hydroxyecdysone sites per cell (9) and 6001000 PNA sites per cell (unpublished data)-and represents only 2-4% of the total ecdysteroid-specific binding capacity of the cell.
Of several possible explanations for this discrepancy, two are the degradation of receptors and the presence of endogenous competitor. (i) Degradation of receptor: the fact that binding capacity is quite stable in TES buffer (used for homogenization and incubation) for at least 90 min at 25°C (Fig. 3A) and for at least 24 hr at 0-4°C (Fig. 3C) argues against degradation or inactivation of binding capacity during cell fractionation. (ii) Endogenous hormone: Although these discs had been exposed to 20-hydroxyecdysone during larval life, they were isolated from a larval stage at which the in vivo titer is low (2) . The dissociation rate constant of the 20-hydroxyecdysone receptors detected in whole discs is such that most endogenous hormone would have been removed during the disc isolation procedure.
From the level of endogenous hormone in mass-isolated discs (2), the average disc cytosol preparation should contain 6 nM 20-hydroxyecdysone, an amount too small to interfere with [3H]PNA binding (Fig. 2) . As an experimental check for the effects of endogenous hormone, two aliquots of mass-isolated discs were either homogenized at once or incubated for [4] [5] (9) [3H]PNA (Fig. 1 (Fig. 1A) . Clearly, most of the ecdysteroid receptors in imaginal discs mass-isolated from mid to late third-instar larvae are in the nuclear fraction under these conditions. DISCUSSION Evidence has been presented for a class of macromolecules in imaginal discs having the characteristics expected of ecdysteroid receptors playing a role in the mediation of hormone action. Preliminary evidence indicates that these receptors are distributed within the cell such that most of the receptors, even those not bound to hormone, are located in or associated with nuclei. At present, no significant differences are found in the binding of hormone to whole discs, to disc cytosol, or to disc 
